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I. POTENTIAL USEFULNESS TO READERS
T HE RESULTS of our study emphasize that the benefits of supplier involvement in new product development cannot be realized by just focusing on short-term management activities on the level of individual development projects. The findings specifically point to the importance of embedding these operational activities in a long-term strategy, and supporting them through an internal organization that can rely on cross-functional collaboration between skilled individuals. The study also challenges the popular notion that supplier involvement needs to be organized differently in projects with differing degrees of innovation; such differentiation is apparently required at the level of individual suppliers within each project, rather than at the level of the overall development project.
II. SUPPLIER INVOLVEMENT IN PRODUCT DEVELOPMENT: GAPS IN LITERATURE
Product development has become an increasingly important strategy for developing and maintaining a strong position in an ever more competitive business arena [1] , [2] . Earlier and more extensive involvement of suppliers in product development is arguably one of the ways to help improve product development performance in terms of costs, speed, and product quality, and can also provide a source of innovative ideas and critical technologies [3] - [7] . Various studies, however, have found that supplier involvement is not always effective and/or efficient [8] , [9] , [28] , [29] . These seemingly conflicting results can be explained, in our view, by three gaps in existing research.
First, much of the current literature focuses exclusively on the involvement of suppliers in individual development projects [4] , [7] , [8] , [10] , [11] . Such studies have, among others, contributed to the body of knowledge by investigating the differentiation among supplier roles and appropriate coordination mechanisms [12] - [14] . However, most studies fail to examine how the involvement of suppliers in specific projects is embedded within more long-term strategic processes such as technological alignment between supplier and manufacturer [15] .
Second, little research has sufficiently recognized the organizational capabilities required for managing supplier involvement [10] . Previous research has pointed to, e.g., the facilitating or enabling role of the organization of the purchasing function [16] and the importance of adequate human resources [17] - [19] . However, few studies have looked in great detail into these and other preconditions.
The third area that has received relatively little attention relates to the contextual factors affecting the impact of supplier involvement on performance. To this point, Eisenhardt and Tabrizi [20] found that supplier involvement only accelerated product development in mature computer-industry segments. Based on these results, these authors argue that supplier involvement is not an approach that can or should be universally applied. Other arguments in support of this view point to risks such as the loss of proprietary knowledge, the loss of skills crucial for future product development, the danger of getting locked into a supplier's technology, increased management costs, and the chance of incommensurable objectives between two collaborating partners [21] - [25] .
In conclusion, a fragmented view on managing supplier involvement in product development dominates in most research. Most contributions fail to provide an integral perspective on 0018-9391/$25.00 © 2007 IEEE how companies can benefit from supplier involvement, addressing both project-related and strategic prerequisites and contingencies. For this reason, the aim of this paper is threefold. First, it investigates in detail the critical processes in managing supplier involvement. Second, it identifies and analyzes the organizational preconditions that facilitate the execution of these processes. Finally, this paper studies the contingencies that drive the need for managing supplier involvement.
In doing so, we use an existing framework for analyzing supplier involvement. This paper applies this framework in studying eight different product development projects in four companies, operating in different industries. By comparing supplier involvement in different firm contexts, our study aims to contribute to a better understanding of the dynamics and requirements for managing collaborations in the area of new product development with suppliers effectively. This paper is organized as follows. In Section III, the analysis framework and its origins are discussed. In Section IV, we present the research design and methodology, and in Section V, the results of the eight case studies are presented and analyzed. In Section VI, we discuss and interpret the findings. Section VII concludes this paper by reviewing the main insights and contributions to research and practice and by discussing the limits and opportunities for future research.
III. ANALYSIS FRAMEWORK
Few studies that have reported on supplier involvement in new product development have provided an integrated perspective on managing supplier involvement in terms of decisionmaking, communication, and coordination processes. Studies by Ragatz et al. [6] , Takeishi [10] , Evans and Jukes [55] , and Dowlatshahi [59] have all identified a number of such processes, but their focus is primarily on short-term project activities. Therefore, we have chosen a framework that originally was developed by Wynstra et al. [15] , [16] , [26] , and which was later extended by van Echtelt et al. [27] . This framework argues that one of the main factors in achieving successful involvement of suppliers in new product development is related to the coherence between how a firm deals with supplier involvement on a (development) project basis, and how it, in parallel, deals with more strategic and long-term processes.
Grounded in resource dependency theory, the framework has been subsequently refined in two series of exploratory case studies [15] . These case studies resulted in a set of some 20 activities that contribute to the effective and efficient supplier involvement in product development. A third series of explanatory case studies was aimed at identifying the impact of external and internal conditions that facilitate the execution of these activities ("enablers") and conditions that require a more intensive execution of these activities ("drivers") [16] .
A follow-up study continued this work, consisting of two parts. The first part consisted of a longitudinal embedded multiple-case study of supplier involvement with one individual manufacturer of copiers and printers [27] . This resulted in a revised framework, distinguishing more clearly between operational short-term aspects and strategic long-term aspects-not only regarding the managerial processes for managing supplier involvement, but also regarding the results of that involvement (performance), and the enabling and driving conditions (see Fig. 1 ).
The second part, reported here, consisted of a cross-sectional study of eight new product development projects in four companies in which the revised framework was tested for explanatory power in different industry and firm settings. Before turning to the empirical part of this paper, the framework and its different elements are explained in further detail.
A. Processes for Managing Supplier Involvement in Product Development
In the previous study, the analysis of eight supplier collaborations across six different development projects demonstrated that the success of supplier collaborations could largely be explained by the extent to which the buying firm planned and executed supplier involvement management processes. The study found that it was useful to make a distinction between the strategic management arena and the operational management arena.
The strategic management arena provides long-term strategic direction and support for project teams adopting supplier involvement. It also contributes to building up a supply base, motivated and capable of changing the technology and capability needs. The operational management arena involves planning, managing and evaluating actual collaborations in the context of a specific development project. Both sets of processes are coevolving and interdependent, and none of the individual processes can be said to be generally more important than others.
1) Strategic Management Processes:
The framework comprises a plan-do-check-act cycle of seven strategic management processes, while often, in reality, the processes will be executed in a more iterative way (see Fig. 1 ).
In line with existing literature, the framework argues that developing the in/outsourcing policy regarding both technologies and product development activities provides necessary guidance for lower level product development decisions in different departments [34] , [35] . Hence, the first process is determining in-/outsourcing policy regarding technologies and new product development activities. The second process is focusing on the how of the supplier involvement: Formulating and communicating guidelines/procedures for managing supplier involvement to relevant departments and suppliers. Such procedures and guidelines could be very formal and restrictive, or more "open," depending on the circumstances [36] , [37] .
Next, a motivated and capable supply base must be created and maintained. Monitoring supplier markets and current suppliers for relevant developments, therefore, includes monitoring technological developments in the markets of the manufacturer and suppliers, and monitoring the capabilities of the current supply base. Preselecting suppliers for future involvement in new product development is a fourth key process, involving the prequalification of capable suppliers and the compilation of a list of preferred suppliers with relevant innovation-related capabilities from which the project teams can choose [38] . It also includes consulting and involving suppliers in advanced development, in order to develop new technologies and parts for application in future product development projects [24] , [39] .
Furthermore, companies should be exploiting existing supplier skills and (technical) capabilities. In this process, companies focus on technologies and products that are already available in supplier markets when designing new products. Alternatively, firms may choose to deploy a stronger "demandpull" approach by motivating suppliers to develop specific knowledge or products. Technology road-mapping can be an effective mechanism to foster and direct supplier investments for future technological cooperation [6] .
The final strategic process involves periodically evaluating guidelines and supply base performance to improve the management of supplier involvement by codifying previous experiences.
2) Operational Management Processes: According to the framework, a cycle of nine operational management processes is required to foster effective supplier collaboration in a specific product development project.
Determining desired project-specific develop-or-buy solutions first involves identifying for which components, modules, etc., suppliers are going to be involved in the development process. In order to be able to do so, this process requires the definition of functional and physical boundaries and interfaces of the different "building blocks" [21] , [40] .
Both activities have a significant influence on the next process, i.e., searching for and suggesting alternative technologies, components, and suppliers. This process seeks to increase the solution space for the project team, leveraging the strategic monitoring activities regarding technological developments in supplier markets. The third process, selecting suppliers for involvement in development projects requires a careful analysis of the match between the desired and the available supplier capabilities, to be followed by determining the extent and moment of supplier involvement. 1 The fifth process concerns determining operational targets and work packages, which is important to prevent misunderstandings, especially in the case of new suppliers [5] , [34] , [41] . Stipulating contact points and communication procedures, in other words, designing the communication interface with suppliers has also been found to be a valuable step in preparing for the actual collaboration [41] , [42] . This can also be extended to the collaboration with lower tier suppliers.
The actual coordination of development activities aimed at integrating different components, i.e., coordinating development activities witsh suppliers, is especially important in collaborations in which multitechnology and complex parts are developed [13] . Evaluating part designs seeks to balance the tradeoffs in terms of the technical and commercial targets to be achieved.
Finally, the framework suggests a ninth process, evaluating/feeding back supplier development performance. Explicit evaluation moments provide additional learning opportunities for future collaboration episodes by explicitly addressing the issues and problems, which have remained under the surface during the collaboration.
B. Enabling Factors Facilitating the Execution of the Management Processes
In line with the two groups of managerial processes, the framework identifies two types of enabling factors: strategic business unit and operational project enablers. These enablers are primarily to be seen as antecedents that positively affect the management processes, but they can also have a direct positive effect on the results of supplier involvement.
Strategic business unit enablers describe the overall organizational context of purchasing and R&D. In previous literature, a number of structural characteristics have been suggested that indicate that cross-functional integration between purchasing and R&D is an important enabling factor. Integration is facilitated, e.g., by the presence of a group in the purchasing department, which focuses on product development. Another practice that may foster integration is the formal involvement of purchasing staff in the project team [16] . In addition, various authors have considered the following personal factors to be critical conditions for the effective management of supplier involvement: the extent and type of technical experience; the type and level of training/education; and the degree of proactiveness and credibility as perceived by others [16] - [19] . We label these three factors together as "human resource quality." Whereas these elements are primarily focused on the qualities of the buyers involved, our previous studies had found evidence that the qualities of the R&D staff also involved matters in relation to their ability to carry out the different managerial activities.
We also found that these organizational characteristics are not sufficient for effective cross-functional collaboration at the level of individual development projects. Therefore, similar factors at the level of the project team have been identified, which we have labeled as operational project enablers. At this level, "team stability," as prior research has demonstrated, also has a positive impact, as it preserves knowledge about important events earlier in the collaboration [43] - [45] .
C. Driving Factors Affecting the Need for Execution of the Management Processes
In completing our framework, we now discuss the factors that may drive successful supplier involvement. Adopting a general contingency perspective, it is important to understand the possible contingencies that determine how intensively the different managerial processes should be carried out. The driving factors can be seen as moderating variables that negatively affect the (positive) relationship between management processes and results (see Fig. 1 ). In other words, unlike enablers, drivers do not have a direct effect on the extent to which the management processes are performed, but do require more intensive execution of these processes in order to achieve the same level of results.
Analogous to the enabling factors, we propose a distinction between strategic business unit drivers and operational project drivers. Business unit drivers are factors that determine the need for carrying out the strategic processes related to supplier involvement. Several studies identified and investigated particular market and organizational characteristics and their relationship with the adoption of supplier involvement or supporting managerial processes. These include: 1) firm size; 2) firm reliance on R&D; 3) firm reliance on its suppliers; 4) firm production type; and 5) the technological uncertainty in the firm's competitive environment [11] , [16] , [20] , [46] .
We distinguish project driving factors because within the same firm, individual projects may call for a customized approach to supplier-involvement-related decision-making processes and activities. Based on previous research, we consider the "degree of project innovation" a strong factor in requiring more intensive execution of operational management processes [6] , [60] . To some extent, this factor overlaps with other factors such as project complexity or project size [47] . High degrees of product innovation increase the need for project-related activities and mechanisms that bring in relevant information on technologies early in the development process [31] , [51] .
D. Performance
The results of managing supplier involvement in new product development have been more intensively studied in previous research, albeit in relatively separate streams of literature. In line with the dominant focus of most research on single projects, short-term benefits in terms of development project results have received more attention than long-term strategic benefits.
Short-term results are commonly related to product quality, product and development cost, and development time at the level of individual parts as well as the entire development project [4] , [6] , [7] , [9] , [10] , [28] - [30] . Long-term results are usually related to learning benefits [30] , [31] , access to supplier knowledge [26] , [32] , [33] , and alignment of technology road maps [24] , [34] .
IV. RESEARCH DESIGN AND METHODOLOGY
To test this framework's external validity across different industry and firm settings, our field research included a crosssectional series of case studies of eight new product development projects in four buying firms, each in a different industry. The case studies conducted in [2002] [2003] aimed to analyze the extent of execution of the strategic and operational managerial processes and to relate these findings to the short-term and (expected) long-term results of supplier involvement [61] .
To enhance external validity, we used theoretical sampling in our selection approach [52] , [58] . In theoretical sampling, cases are selected to represent variety on a number of a priori theoretically defined factors. In that way, cases should produce contrasting results but for predictable reasons, resulting in socalled theoretical replication [52, pp. 46-53] . In our theoretical sampling, we focused on the driving factors, both at the strategic and operational level, as these are relatively easy to assess up-front. Therefore, on the strategic level, firms had to differ in terms of their market, technological and/or structural characteristics (particularly, size and production type; see Section II-C). To achieve a spread in different types of development projects (the second level of theoretical replication), each firm was asked to submit two product development projects that differed in terms of the degree of project innovation. Highly innovative projects had to be characterized by a high degree of novelty for the manufacturing firm with regard to the product functionality, architecture, or manufacturing technologies used. A project was regarded as being less innovative if it only involved a slight adaptation of a firm's existing product. 2 The projects should have been completed recently (<6 months), as this would allow more reliable measurement of the project-related processes, conditions, and results. We note, however, that the recent nature of the projects and the cross-sectional nature of the study imply limitations for the assessment of long-term results, which are ideally assessed on the basis of longitudinal data. 3 Within each project, the buying firm was asked to identify those suppliers that had played a substantial role in the overall development project. These suppliers would be targeted for additional data collection to enhance the (construct) validity of our study through (source) triangulation [52] .
A. Case-Study Background
The four selected companies were: Philips Domestic Appliances (DAP), PANalytical (PAN), Boon Edam (BED), and HJ Heinz (HJH), all based in the Netherlands (see Table I ).
Philips Domestic Appliances (DAP) develops and manufactures personal-care products and home appliances (e.g., shavers, coffee machines, and vacuum cleaners); a typical massassembly operation. The first project concerns the development of a fragrance module for a high-end specialist vacuum cleaner series. The fragrance was developed with the help of a specialized consultancy agency (A). The project is classified as being moderately to highly innovative, considering that it involved an absolutely new functionality introduced to an existing product. The second project involves the redesign of a boiler for a followup version of a highly successful and innovative créme coffee machine (Senseo). The project is classified as having a lowto-medium innovative level. In this project, DAP collaborated with a European supplier (B) of heating elements for kettles and coffee machines.
The second firm PAN is a large global analytical instrumentation and software supplier for industrial process control and R&D applications. The firm offers X-ray analytical equipment for industrial and scientific applications as well as for the semiconductor market, typically produced in units and small series. In the highly innovative spectrometer project, PAN developed a novel system for analyzing samples using a newly developed detection technology. This project was carried out with the help of four suppliers: a detector system supplier (C), a high-voltage generator supplier (D), a metal casing and mechatronics assembly supplier (E), and an embedded software board supplier (F). In the low innovative sample changer project, PAN developed a customer-specific system for analyzing a higher capacity of samples than in the standard product. One of the key suppliers (G) in this project was involved in the development of a module to provide the guiding technology and housing of the sample changer.
BED, a medium-sized firm, is a world market leader in the area of revolving doors and security products for the high-end market (e.g., shopping centers, airports). BED's production is largely unit-based. The first project concerned a high-speed safety gate, actually derived from a product already manufactured by one of BED's subsidiaries, but a major redesign resulted in a highly innovative product for BED. It was carried out mainly with the help of two suppliers, respectively, supplying a sensor-package with a control box (H) and the steel construction (I). In the second less-innovative project, two high-capacity revolving doors with different door columns were developed. Two suppliers were involved (J and K), one for each column type.
HJH is a large multinational food and beverages firm that develops and produces quick-serve meals and meal solutions. Production is mainly process-based. The first project concerned a ready-to-drink carbonated soda beverage. The drink was developed and bottled in collaboration with a Spanish subsidiary of a Dutch filling firm (supplier L). The project was designated as a highly innovative project because of the new combination of manufacturing processes, packaging, and product concepts. The second project concerned a new flavor for fruit-flavored sprinkles and was selected as being less innovative (line extension). HJH regarded this project as an outsourcing project and involved a copacker in product development (supplier M).
B. Data Collection
Data was collected through a self-administered questionnaire and extensive semistructured interviews with representatives from both the manufacturer and selected suppliers.
Based on our earlier research, we created two complementary sets of questionnaires. The strategic questionnaire, sent to the companies' purchasing and R&D managers, dealt with the longterm collaboration results, strategic management processes, and the strategic (or firm level) enablers and drivers. The second questionnaire concerned the operational management of, and conditions for, supplier involvement in the context of a specific development project. This questionnaire was sent to the people who were directly involved in the product development project under study, i.e., the project leader and the project purchaser. 4 Like previous studies, our earlier case studies found the purchasing and R&D departments to be the most relevant internal actors [30] , [51] . For each of the processes, enablers, drivers, and results, we developed a minimum of two questionnaire items, and often four (see Appendix A). The questionnaires have been jointly developed by a four-person research team, and have been extensively pretested. 5 A case protocol was developed for interviewing face-to-face all people who filled in a questionnaire to discuss the project history, management processes, and conditions in more detail. In this way, the original questionnaire outcomes could be verified and adjusted, where necessary, on the basis of information from other sources. Moreover, we interviewed the selected suppliers to obtain the counterpart's perspective on the collaboration, normally with one person who represented the commercial interface with the customer and with another person involved in technical development. Across the four firms and their suppliers, a total of 45 interviews were conducted (see Appendix B for informant details).
In order to facilitate subsequent analysis, we used Likert scales to summarize the observations on the different elements from the framework. For the managerial processes, a five-point Likert scale, with explicit and distinctive labels, measured the degree of active and systematic execution of the processes. This scale was adapted from an existing instrument for assessing organizational maturity of suppliers [57] . 6 In choosing a threepoint scale for assessing the remaining elements of the framework (results, enablers, and drivers), we had to make a tradeoff between accuracy and efficiency. During the pretest interviews, many respondents indicated that five-or seven-point scales, especially for the drivers and enablers, were difficult to apply. Overall, in our opinion, having access to multiple informants and qualitative rich information on the actual situation behind the absolute scores outweighs the disadvantages of using a threepoint scale.
The results section contains three groups of results: 1) shortterm project results (STPR); 2) short-term collaboration results (STCR); and 3) long-term collaboration results (LTCR). The STPR and the STCR were, respectively, measured in the light of the overall project and of the specific part development targets. 4 The companies could propose other key informants if this would be helpful in analyzing the projects. 5 We approached, in total, 11 development and purchasing managers and project leaders and buyers from a medical system and a printer manufacturer. After having completed the questionnaires, they raised several issues regarding the length, wording, and scales of the questions. We then discussed and compared the various remarks in the research team and adapted the research instrument. 6 The labels were defined as follows: 1-Absent: the process is not carried out; 2-Reactive: the process is carried out in an ad hoc way, as a result of occurring events; 3-Proactive: the process is carried out following an implicit structure or set of activities; 4-Systematic: as in "proactive," but supported by systems, procedures, and guidelines; 5-Intelligent: as in "systematic," but able to critically review the processes in the light of the situation and to adapt (incidentally or more permanently) when necessary. Adding these labels to the five-point Likert scale enables a more reliable assessment of these processes across the different cases.
The reason for distinguishing project and collaboration results is that the first focuses on the overall project performance, which may only be partly explained by the results of supplier involvement in the project as measured by the latter. The choice for actual-to-target values allowed a comparison between projects from different companies in terms of results. The LTCR were measured in terms of their actual and/or expected occurrence as a result of this collaboration.
C. Data Analysis
In preparing the case reports, the scores obtained from the questionnaires were used as starting points and further clarified and substantiated with the qualitative data obtained from the interviews. Discrepancies between the answers of different informants were explored further in the interviews. The remaining inconsistencies were discussed in the research team, followedup in meetings with the case companies, and a final assessment was made after careful consideration of all the data. 7 The transcripts were all sent back for verification with the interviewees. All interview transcripts and case reports were discussed in the research team to further enhance the validity of the study.
At each buying firm, we have held at least one in-company presentation in order to obtain feedback on our assessment and the insights generated, also from people that had not been interviewed but participated in the NPD (new product development) projects we studied. We also organized two plenary meetings during which the findings across the different firms and projects were presented and discussed to stimulate debate, understanding, and mutual learning. Table II provides an overview of the methods used in this study to increase the validity of our findings and to meet the usual criteria for qualitative research [52] .
V. CASE ANALYSIS AND FINDINGS
To analyze the eight new product development projects, we first undertake an intracase analysis (see Table III ), linking the results to the overall patterns in processes, enablers, and drivers-both at the operational and the strategic level. This first analysis uses the main and highest possible level of aggregation in our framework by grouping together all operational project drivers, all strategic business unit drivers, all operational project enablers, etc. The scores reported in Table III , therefore, represent the (straight) averages for the different drivers, enablers, processes, and results. Subsequently, we present a more detailed cross-case comparison for the different elements of our framework, in which we will highlight specific results, processes, and conditions. All analyses are based on the combined questionnaire and interview data. 
A. Overall Patterns
As a first step in the analysis, we investigate to what extent the general patterns in the eight case studies support our conceptual framework. Hence, we are interested in the correlations between the results and the management processes for the different cases. For that purpose, we group the cases both on the basis of their scores on the results and on the basis of their management activities. Doing that not for individual cases but for groups of cases makes the analysis more robust by making it less vulnerable to incidental outliers. On a more general level, it is an approach that fits better with the advantages and limitations of our primarily qualitative approach.
In line with our conceptual model, we first determine an average score for the combined strategic and operational management processes for each project. We then consider the presence of strategic and operational enablers and, subsequently, form three groups of projects in terms of their combined process and enabler scores: a top group (VC, SD, FS), a middle group (CM, SM, SC), and a bottom group (SG, RD). Likewise, we cluster the projects based on their combined short-term and long-term results into a top group (VC, CM, SD), a middle group (FS, SG), and a bottom group (SM, SC, RD). Clearly, these two sets of groups are not entirely consistent. Three of the projects perform as predicted (VC, RD, SD), while the majority of projects perform better (CM, SG) or worse (SC, SM, FS) than predicted. So, at first sight, the cases reported here do not fully support our model. 8 However, controlling for the presence of driving factors (moderators), the patterns become more consistent with the predictions from our model. Fig. 2 maps out how the performance, better or worse than predicted (solely on the basis of enablers and management processes), is related to the presence of more or less-taxing conditions, as represented by the strategic driving factors such as company size (see Appendix A). (Section V-F looks at the operational project drivers in detail, hence their exclusion here.) Whereas cases in the top-right and bottom-left quadrants would strongly refute our predictions, the majority of the cases are on the downward sloping diagonal as our complete model, including the driving factors, would predict. For example, the SM, SC, and FS projects score worse than predicted on the basis of enablers and processes, but this can be explained by the strategic driving factors that were apparently more taxing than anticipated by the respective organizations. These findings support the conceptualization of these driving factors as moderating variables.
Thus, when taking into account the firm-related contingencies, the extent to which a firm executes the operational and strategic management processes from our framework is strongly related to its performance in manufacturer-supplier collaborative product development. The subsequent sections go into more detail for each of the framework elements.
B. Performance
Two projects stand out in terms of their short-term collaboration results: the vacuum cleaner project (DAP) and the carbonated soda drink project (HJH). Also, the other projects of these two firms do relatively well, i.e., the coffee machine (DAP) and the fruit sprinkles (HJH) projects, and likewise, the sample changer (PAN) and speed gate and revolving door (BED) projects. The worst project, in terms of short-term results, is the spectrometer (PAN) project, which predominantly scored below target. For long-term results, the pattern is quite similar, except that the sample changer and revolving door projects scored quite badly.
Focusing on the individual performance aspects (see Table IV , left), an interesting pattern emerges. In seven out of the eight projects, the collaborations with suppliers resulted in satisfactory technical performance at the end of the project, or even better. In terms of development costs incurred, the results also show a positive picture. However, the interviews revealed that not all relevant development costs were being monitored (e.g., extra coordination costs related to resolving quality problems) , TABLE IV  PROJECT PERFORMANCE: SHORT-TERM AND LONG-TERM RESULTS and therefore, one needs to be careful when interpreting these on-target scores. 9 In most cases, the overall development project achieved similar performance levels as the collaboration in question. Only for the sample changer (SC) did the overall project perform better, and for the revolving door (RD) worse. When analyzing the overall project performance in more detail (Table IV, middle) , we again notice that quality targets are achieved more often than product cost targets.
Regarding the long-term benefits that companies managed and/or expected to achieve from the various collaborations, we note that again DAP and HJH have the highest scores, while BED and PAN (expect to) realize these benefits to a lesser extent (see Table IV , right-hand part). Most companies claimed learning experiences in various collaborations to result in improved designs and more efficient coordination and communication between both parties in future collaborations. This benefit is closely followed by collaborations in which the buying firm is expected to have better access to the supplier's knowledge in future collaboration. For example, according to the Purchasing Manager at PAN, only actual intensive collaboration provides insight into a supplier's true technological and organizational capabilities.
As indicated in Section IV, for those projects that have been completed only recently, the findings on long-term results need to be interpreted with considerable care, as the actual effects cannot be assessed yet. Still, these long-term results are interesting to include because they are not fully correlated with the short-term results (observe, for instance, the two PAN projects and the RD project in Table III ). 9 The problem of "unaccounted" development costs basically holds for all firms and projects, but the extent may vary depending on the budget-tracking capabilities in each company and the number of design changes in a project. The more the coordination and communication required (as triggered by, e.g., design changes), the more the invisible costs are likely to increase. These hidden costs appear to have been substantial at DAP, vacuum cleaner project; PAN, spectrometer project; and BED, speed gate project.
C. Operational Management Processes
As expected, based on the results, HJH involved its suppliers based on a systematic execution of the operational processes while other projects show a different picture (see Table V ). Especially in the spectrometer project, PAN's relatively proactive operational management of supplier involvement did not prevent problems and below-target performance. DAP, while performing at least as well as HJH, is slightly less proactive than PAN in operational processes. BED scored the lowest on the operational management processes, but it achieved most of its targets. These patterns suggest that in line with our conceptual framework, operational management alone does not explain successful supplier involvement. 10 As a partial explanation, we noted already that some of the (development cost) results may be inflated. Further explanations may be found in the pattern of strategic processes and enabling preconditions, as analyzed in the following.
Focusing on individual operational processes, we find that HJH was consciously trying to be explicit about the domain of collaboration, and was assessing the technical, commercial, and financial risks internally and in its relationships with potential suppliers. HJH spent much time on discussing the content of the work package and targets with the supplier, also after the supplier was selected. This strongly contributed to the success of the projects studied in this company.
"Selecting suppliers" often received a low score, because in some of the collaborations, the suppliers were already known and available. However, cross-functional teamwork in supplier selection appears an important element for identifying potential technical and business risks at an early stage, even in case of an existing supplier (DAP, PAN). Projects of these firms also scored low on determining the extent of supplier involvement and defining the work package and targets with the supplier, which results in ambiguous roles of the parties involved.
Furthermore, informants stressed the importance of having one spokesperson on both sides. Being able to adjust and decide upon an appropriate communication interface when signals emerge that communication does not work, is critical in maintaining the development speed. Moreover, this helps to curb irritation during the collaboration. This practice was particularly visible at HJH, where the purchasing department closely monitored the collaboration and, to some extent, at DAP and PAN.
Most companies carry out an explicit evaluation of technical design aspects and also evaluate commercial aspects. At BED, being a relatively small company, this occurred in a pragmatic and informal way. Few companies, however, evaluated development performance together with suppliers.
D. Strategic Management
Our framework suggests that a firm that has invested in a strategic management infrastructure is able to select and set up their projects and collaborations quickly and effectively. Such firms will also be able to capture additional long-term and strategic benefits from supplier involvement.
The overall scores on the strategic management processes indicate that two companies were particularly active (Table V, lower part). On an average, HJH scored between systematic and intelligent in the strategic management area, whereas DAP scored somewhat lower (proactive/systematic) but was still at least proactive in all related processes. PAN was clearly trying to be proactive in its supplier involvement approach, but was not yet consistently systematic across all technology and product areas. BED was predominantly reactive.
In terms of the actual support derived from these strategic processes for the operational projects, we found that HJH particularly benefited from its strategic efforts in developing a competent supply base for involvement in product development. In the carbonated soda drink project, it had established contacts and identified a collaboration opportunity with one of the supplier's subsidiaries using a cross-functional prequalification approach. Likewise, in the fruit sprinkles project, the project team was able to go through the selection process quickly and effectively. At DAP, the coffee machine project team benefited from already having one preferred supplier in the boiler technology area, requiring little effort in selecting suppliers and determining the extent of involvement. However, unexpected demand created a need for a second source of supply, which had not been accommodated for by its strategic preselection processes. DAP had to respond to this during the project. PAN's sample changer project team benefited from earlier efforts to build a long-term collaboration with a motivated supplier. However, it was not entirely clear at the outset what development and assembly-related activities would be done internally or externally.
In several other cases, project teams were not able to benefit from a technology that had been predeveloped or from preselected suppliers. In contrast to its usual habit, DAP had to develop the new fragrance module within the vacuum cleaner project. PAN had to put in great efforts in selecting and qualifying the supplier for the generator technology. Moreover, it had to improvise in selecting a supplier for involvement in the software development, as a result of an unexpected knowledge and capacity shortage. Although BED had been building up a supply base for production activities rather than for collaborative innovation, BED did not experience serious problems in the revolving door project. This paradox is explored further in the following, in discussing the driving factors.
To what extent then are the strategic management processes associated with the prospects of capturing specific long-term benefits from their collaborations with suppliers? HJH and DAP appear to be generally better equipped to capture the long-term benefits than the other companies. The HJH cases demonstrate that the company displays systematic care and attention for continuous learning and adaptations of decision-making processes related to supplier involvement. We specifically observe that compared to other companies, HJH scored substantially higher on the evaluation of guidelines and the supply base, and on the evaluation of the development performance of suppliers within projects. HJH's evaluation practices at the strategic and operational project level ensure that learning experiences are made explicit and can be taken on board as action points for future collaborations. By evaluating its guidelines, HJH is able to transfer some of its local experiences and knowledge into useful ways of working that are also helpful for other projects. Finally, the evaluation of the fit of the supply base with the overall technology and product development outsourcing policy is strongly emphasized by the purchasing department and receives support from different managers involved in product development and dealing with suppliers.
At DAP and PAN, the joint evaluations with suppliers did not take place immediately after the project was finished, nor were the future projects immediately identified. This reduces the chance of capturing the learning benefits in future collaborations. DAP is clearly working on developing and applying guidelines for improving the communication and the role of suppliers, and this should be beneficial to future collaborations. Finally, BED does not appear to have an extensive strategy for increased supplier involvement, which may be critical in the view of new products that increasingly depend on electronics and software-related technologies.
In conclusion, based upon these case studies, the degree to which the long-term benefits from supplier involvement are achieved seems to be strongly related to the degree to which people have developed coherent routines in executing the various strategic processes. In particular, processes such as proactively identifying the relevant areas for collaboration and prequalifying a supply base with specific technological and product development capabilities provide fundamental starting points for the alignment of supplier development capabilities. Furthermore, necessary adjustments to the supply base and to the ways of coordinating collaboration appear to be supported by routinely evaluating the supply base performance and codifying learning experiences into practical guidelines.
Still, the combined long-term and short-term results of supplier involvement in our different case studies cannot be adequately explained by the combination of both operational and strategic management processes. In fact, just adding the strategic processes does not increase the overall explanatory power of our framework. 11 Thus, we need to also investigate the enabling and driving factors.
E. Enabling Factors
At the level of strategic enablers, we found that especially HJH has been investing in cross-functional integration, trying to secure the participation of the purchasing department in product development and in strategic decision-making (Table VI). At HJH, multiple internal functions (including marketing) are official counterparts to R&D in discussing the input and issues in different types of collaborations with suppliers. At DAP and PAN, there is a formal cross-functional organization, which integrates R&D, purchasing, and operations. In contrast, at BED, we observe that there is no structure that supports early and extensive integration of these departments.
At the level of the actual cross-functional integration at team level in projects, we observed generally lower scores across all companies. At HJH, we note that visible cross-functional integration is not only a matter of designing a structure but is the result of investing years in creating conviction and trust among key players. At PAN, however, early involvement of the purchasing and manufacturing departments in the project teams did not guarantee a proper risk assessment for all planned collaborations in the spectrometer project. At BED, the purchasing department did not provide significant contributions during development and engineering, apart from contract price negotiations and support in communication during production preparation and regular production.
Generally, HJH scored the highest in terms of quality of human resources at both the organizational and the team level, followed by DAP and PAN, with the lowest score at BED. All companies, except BED, had representatives with higher education, not only in R&D but also in purchasing. Job rotation of buyers or R&D people to other departments, however, is not a common practice. At the team level, the projects at HJH benefited from a higher degree of commercial and technical skills for purchasing and R&D representatives (and for the other functions involved) compared to other projects. In the case of BED, limited technical know-how and educational background of newly recruited buyers played a critical role in reducing their credibility. This undermined the acceptance of suggestions and the mutual identification and understanding of development risks.
Despite these observations that generally seem to fit our framework, the pattern in the performance of the different projects cannot be fully explained by the combined pattern in management processes and enablers (see Section V-A), even though it is a (marginally) superior explanation than just looking at operational management processes or a combination of operational and strategic management processes (see Sections V-C and V-D). Hence, we need to turn to firm and project contingencies.
F. Driving Factors
Our basic proposition is that high scores on driving factors require more proactive, systematic, and intelligent management processes to mitigate the increased risk and complexity.
This proposition is supported by the data from our cases as far as the strategic business unit drivers are concerned (see Section V-A). When analyzing these strategic drivers in more detail, we find some indication that firm size variations specifically point to differences in the need for explicit guidelines. BED, a relatively small firm, adopted fewer explicit and formal guidelines for supplier involvement and still met most of its short-term objectives. At small firms, informal communication may suffice [33] . Not only the general management, but also the purchasing and R&D management, for instance, may be able to convey their objectives and preferred approaches in personal communications with all of those involved in supplier involvement. In the other larger companies, usually with larger departments and more hierarchical levels, policies and guidelines are a more effective binding element in the process of involving and improving the management of suppliers in product development.
In general, large firms would need to invest more in strategic processes in order to capture the potential synergy of the lessons learned in individual projects and to maintain a consistent approach toward its suppliers. In smaller firms, this synergy and consistency-which ultimately contribute to efficient and effective supplier involvement-may be achieved more simply in the daily operations, primarily because there are fewer people that meet relatively more often and, thus, more easily exchange information and ideas.
Second, the degree of technological uncertainty appears to affect the need for particular management processes. The high electronics content and complex technologies in the products of PAN (and to some extent DAP) demand an organization that is able to spot and to integrate the new technologies and to manage the transition to new technologies. Firms facing high technological uncertainty require more market research and more (frequent) analysis of in-/outsourcing decisions.
At the operational project level, the key driver according to previous research is the degree of innovativeness [6] , [60] . However, Table VII demonstrates no clear patterns in the extent of operational management processes being carried out in relation to the degree of innovativeness. Does this mean that highly innovative projects are "not getting the attention they deserve?" Apparently not; looking at the short-term project results reported in Table VII , we see little difference between highly and low innovative projects. Hence, even controlling for performance, we cannot find a clear relation between the level of innovativeness of a project and the extent to which operational processes are being carried out.
Therefore, we specifically investigated as to what extent did the companies plan and prepare supplier involvement in the different projects. Previous research has specifically argued that in highly innovative projects, supplier involvement cannot be planned very well [20] . Thus, we would expect less pronounced operational planning activities in the more innovative projects. We, therefore, made an exclusive comparison for the different projects of only the operational planning processes (OMP 1-6) .
Again, however, we find no strong indication that in this respect, firms manage their highly innovative projects differently from how they manage projects that are less innovative. In highly innovative projects, the planning processes score even higher compared to low innovative projects (at PAN and BED) or the same or only slightly lower (at DAP and HJH). Hence, contrary to our proposition, there seems to exist no clear relationship between the level of project innovativeness and the required extent of executing operational management processes. 12 
VI. DISCUSSION
The alternative analyses presented in this paper provide strong indications that business unit characteristics represent highly relevant conditions to be considered when managing supplier involvement. Including these strategic business unit drivers in our conceptual framework adds to its explanatory power, compared to a framework that only comprises of processes and enablers to explain supplier involvement results.
Our findings do not support the notion that project characteristics represent highly relevant conditions for managing supplier involvement. In our case studies, project innovativeness would not lead to the need for a differentiated approach in setting up 12 An alternative way to demonstrate the lack of explanatory power of the degree of project innovation is to include the scores on "operational project drivers" in the assessment of "taxing conditions" (Fig. 2) . Doing so would result in the SG, VC, FS, and SC cases moving away from the downward sloping diagonal. In other words, including project innovativeness decreases the explanatory power of our framework.
supplier collaboration in new product development. This contradicts findings in other studies that higher degrees of technological uncertainty would increase the need for project-related supplier management activities [6] .
It seems unlikely that our findings are the consequence of the design of the study in which we did not conduct absolute measurements related to the degree of innovativeness of the different projects across the different firms. As in many studies, we have primarily relied on the informants' perceptions of the degree of innovativeness or newness in relation to aspects such as the individual elements and overall architecture of the product (see Appendix A) [47] , [62] . 13 A more likely explanation for not finding clear relations in this study could be that relations between the degree of innovation and the extent of process execution are not salient at the level of the overall NPD project, but only at the level of individual suppliers. One possible avenue for investigating the impact of innovativeness on the required management processes in more detail is, thus, to move the analysis to the level of individual supplier collaborations within a given project.
Collaborations concerning the development of highly novel and complex parts require different coordination and communication interfaces than simple and standard parts [41] , [42] . Hence, factors such as the technical complexity and novelty of the part mainly affect the processes that are specific to the collaboration with an individual supplier.
It, therefore, seems logical that successful firms are managing supplier involvement not only at the strategic and overall project level but also at the level of collaboration with individual suppliers. Based on this insight, one suggested adaptation to our initial framework would be to introduce a third "collaboration" level of analysis. According to this extended model, effective supplier involvement requires management in three arenas. Besides the strategic and project-based management of suppliers, the management of collaborations with individual suppliers would require a specific set of processes that are extensions of the processes at the project and strategic level. Distinguishing three different, though interrelated, managerial arenas would further improve our ability to study and better understand the management of supplier involvement.
On reflection, a subset of the operational management processes appears to be highly collaboration-specific: determining operational targets and work package (OMP5), designing communication interfaces (OMP6), and coordinating development activities (OMP7). Other processes, such as determining the extent and moment of supplier involvement, are normally done at the overall project level to address interdependencies between various suppliers and their components.
The proposed extended framework should also include a set of contextual factors at the collaboration level that affect the need for structuring and management of the collaboration. This could then include factors such as component complexity and novelty [13] .
Finally, in such a "three-level" framework, the collaboration enablers are those factors that support the direct collaboration between a buyer and a supplier. Based on the literature review and previous case studies, various types of suppliers' capabilities appear important when involving the suppliers in product development, such as "technical capabilities" [53] , [54] , "project management capabilities" or the supplier's "costing capabilities." Collaboration is also fostered by creating a compatible culture and operating style between the customer and the supplier [20] , [55] .
VII. CONCLUSION AND IMPLICATIONS
The objective of this paper has been to derive a validated framework of critical processes and conditions for managing supplier involvement in product development in such a way that both short-and long-term benefits are obtained. This was done through an in-depth empirical validation of an existing framework in multiple firm and project contexts, resulting in four main findings.
First, the combined long-term and short-term results of supplier involvement cannot be adequately explained either by the pattern of operational processes, or by the pattern of the combined operational and strategic management processes. While the lack of explanatory power of only the operational processes is as expected and indeed one of the central notions behind the conceptual framework, the findings regarding strategic management processes are surprising. Perhaps, in our sample of case studies, these findings may be explained by the fact that there were some projects that did not really fit the normal project portfolio of the respective firms, e.g., in terms of technologies and suppliers used. In such cases, the actual support that projects and their teams may derive from the strategic processes may be more limited.
At the level of individual processes, however, one can clearly indicate particular beneficial effects, and there appears to be also a strong relation between the extent to which the strategic management processes are being carried out and the long-term results of supplier involvement. For example, one of the most direct contributions to effective operational management came from the preselected suppliers for involvement in product development.
The second main finding is that adding strategic and operational factors enabling the execution of the respective management processes only marginally increased the explanatory power of our framework. This would seem to suggest that their effect on the results of supplier involvement is only indirect, via the management processes, and not direct as well.
Third, our study has found very little variation in the way firms effectively manage projects of differing degrees of innovation. This finding contradicts the findings from earlier studies, which suggests that further research is required in this area. One suggested explanation may be that differentiation of managing supplier involvement in this respect does not occur at the level of the project, but rather at the level of the individual supplier. The introduction of a set of collaboration management processes besides the operational project and long-term strategic processes would acknowledge the importance of differentiating among individual suppliers. When properly executed, the combination of strategic project-related and supplier-specific processes enable a firm to explore and to integrate existing and new suppliers' resources (e.g., know-how, technologies, relations to third parties) in product development.
The fourth and perhaps the most important finding, however, is that the overall pattern encountered in the case studies provides substantial support for our framework when the moderating effect of the driving factors at the strategic level is considered. Firm size appears to be a strong indicator for the increased need for strategic management processes (especially the development and communication of guidelines). Furthermore, changing technological or market conditions suggest the need for a more proactive and strategic approach to supplier involvement. Certainly, when a firm's strategy is aimed at substantially increasing the levels of supplier involvement, a sustained effort is required to develop a qualified supply base.
One of the main limitations of our study may be found in the framework's main focus on the entire set of strategic and operational management processes. Although we have considered specific examples of individual processes, we have not designed our study to analyze individual processes and their APPENDIX A OVERVIEW QUESTIONNAIRE ITEMS/INTERVIEW QUESTIONS specific antecedents (enablers and drivers), their interrelationships, and consequences (results) across all cases. Subsequent research could investigate these relations on the level of individual processes, and also examine possible synergies and negative interactions among specific processes, and among and between particular drivers and enablers. These studies could either take the form of quantitative surveys, or if one would be more interested in the process of these interactions, multiple-case studies that have been sampled to specifically account for variations in how certain individual processes are carried out. Longitudinal case studies could also better take into account the joint collaboration history of buyers and suppliers as a factor that supports further collaboration [31] .
In addition, we have limited ourselves to identifying the critical decision-making activities and conditions from an intra and interorganizational perspective. However, supplier involvement does not take place within simple dyadic buyer-supplier relations; it is often affected by other relations of both the buyer and the supplier [3] , [40] . Hence, future studies on supplier involvement could address in more detail the issues of managing interdependent relationships-both at the collaboration, project, and the strategic level [42] , [56] .
Further research could also address the change in processes in these companies that allow the buyer and supplier to improve their collaboration in product development [55] . What are the appropriate informal and formal mechanisms that enable effective learning across different departments and with suppliers, in the context of increasing supplier involvement in product development?
Acknowledging its limitations, we expect that our study has contributed in providing some fruitful foundations and challenging ideas for studying these and other questions in this fascinating and ever more important domain of supplier involvement in product development. 
